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Life in the Fast Lane: Is the Paceof-Life Syndrome Supported in
Tarantulas?
Peter W. Landor
Dr. Cara Shillington, Mentor

ABSTRACT
Pace-of-Life Syndrome (PoLS) hypothesizes that there is a correlation between life history, behavior, and physiology along an axis from
slow to fast. Fast-paced species reach sexual maturity faster while also
exhibiting faster growth rates, which, in turn, correspond to a higher rate
of metabolism. Tarantulas are good model organisms for studying PoLS
because species fit along the spectrum from very slow-growing species
to species that mature, reproduce, and die within a relatively short time
span. Our study will determine if the PoLS is supported in tarantulas.
Specifically, we compared species with different lifespans and measured
metabolic rates and growth rates. In addition, we examined the effect of
food availability on these parameters. We hypothesized that slow-paced
species would have lower metabolic rates than fast-paced species, and
with high food availability, fast-paced species will have a faster growth
trajectory. We predicted that fast-paced species would be more impacted
by low food availability. Data collection is on-going, and analyses will
continue over an 8-month period.

INTRODUCTION
Life history traits evolve through natural selection and are shaped
by optimizing trade-offs as organisms must allocate limited resources between growth, maintenance, survival, and reproduction. Environmental
and physiological constraints, such as food availability and efficient metabolic processes, play a pivotal role in the behavior and overall fitness
of an organism. For example, a predator that inhabits a food-scarce environment might choose to employ sit-and-wait prey-capture strategies
to conserve energy. These types of organisms, therefore, may be able to
allocate the resulting surplus of energy to weight gain, which, in turn,
could lead to increased survival and fecundity. Because all organisms face
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limitations in resources and constraints in growth rates versus energy
expenditure, similarities may exist in the way that unrelated organisms
respond (Petrik 2019). These similarities can be in life history strategies
that can be placed along a continuum known as the Pace-of-Life Syndrome (PoLS).
PoLS hypothesizes that there is a correlation between life history, behavior, and physiology along an axis from slow to fast. Fast-paced
species reach sexual maturity faster and have faster growth rates, which
correspond with a higher metabolism. Studies in PoLS are less common
in invertebrates, even though there is stronger support for this hypothesis
in these animals (Royauté et al. 2018).
The life history or lifestyle of an organism is supported by its metabolic rate. Metabolic rates represent all the chemical reactions within an
organism and fuel the biological processes of these organisms. Metabolic
rates vary widely across individuals and are linked to overall fitness as
well as growth and reproduction. As suggested by the PoLS, trade-offs
occur because energy is a limited resource that must be allocated between
all biological processes, including growth and reproduction. Growth, in
turn, depends on food intake, and some of the energy must be allocated
to basic physiological processes and maintenance of existing tissues, such
as an organism’s resting metabolic rate (RMR) and other supporting activities (Auer et al. 2017, Chelini et al. 2019). RMR estimates the required
energy costs of self-maintenance (Burton et al. 2011).
Members of the family Theraphosidae, more commonly known as
tarantulas, are some of the oldest lineages of spiders from an evolutionary
standpoint (Pérez-Miles 2020). With 152 genera and 1,005 species, tarantulas are good model organisms for studying PoLS because different species fit along the spectrum from very slow growing (eight years to reach
sexual maturity and a 20+ year life span) to species that mature, reproduce,
and die within five years (Catalog 2021). We aim to specifically address
questions related to how life history influences growth and metabolic rates
and how these, in turn, are impacted by feeding frequency. Finally, we will
determine whether these data support the PoLS in tarantulas.

Study Aims
In this study, we will quantify and compare metabolic rates (MRs),
growth rates (GR), and growth trajectories in tarantula species on different diet regimens. Specifically, we will:
1. Compare MR and GRs both among species and among diet
regimes,
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2. Determine if PoLS is supported, and
3. Share MR data within the lab as part of a collaborative project to
determine if differences in MRs follow phylogenetic relationships.
We predict that fast-lived species (e.g., Pterinochilus murinus)
will more readily allocate energetic resources to growth and less to tissue
maintenance, and will exhibit higher resting metabolic rates (RMR) as
well as higher growth rates and a steeper growth trajectory, compared
to the slow-paced Heteroscodra maculata and Monocentropus balfouri
when under a high-food regimen. However, the fast-paced species may
be more impacted in a food-limited environment (i.e., fast-lived species
will show a larger difference in growth rates and MR compared to slowlived species).

METHODS
Study Species
Table 1. Model Tarantula species

Our research focused on three Old World species of tarantula:
Pterinochilus murinus (n=45), Heteroscodra maculata (n=17), and Monocentropus balfouri (n=8) (Table 1). H. maculata and P. murinus are closely-related species that belong to the African subfamilies Stromatopelminae and Harpactirinae, respectively. Their corresponding subfamilies
form sister clades in the monophyletic group “Africa-1” (Fig. 7) (Lüddecke et al. 2018). It is hypothesized that the most recent common ancestor of P. murinus and H. maculata diverged somewhere between 69 – 73
Ma (Foley et al. 2021). H. maculata are a slow-growing arboreal species
65

Peter W. Landor

that inhabit tree crevices or hollow branches in western Africa (Hajer &
Řeháková 2019, Vlierberghe 2019b). P. murinus are fast-growing fossorial species found mostly in Tanzania and Kenya, and as juveniles they
primarily dig burrows (Foley et al. 2021, Reichling & Gutzke 1998, Vlierberghe 2019c). M. balfouri are a slow-growing terrestrial species endemic
to Socotra, an island that is part of the Republic of Yemen and lies about
225 km east of the Horn of Africa (Vlierberghe 2019a, Pocock 1897).
Although our three model species are African Tarantulas, M. balfouri are
more distantly related to P. murinus and H. maculata. M. balfouri belong
to the subfamily Eumenophorinae, in the clade “Africa 2,” and are hypothesized to be more closely related to New World species than to Old
World species despite their present-day geographic location (Foley et al.
2021, Lüddecke et al. 2018). P. murinus mature rapidly relative to other
Theraphosidae species. Therefore, it can be expected that this fast-lived
species will more readily allocate its resources to growth and exhibit a
higher growth rate and RMR, compared to the slow-paced H. maculata
and M. balfouri.

Maintaining species in the lab
Tarantula species were obtained from local breeders, and early
instar spiderlings (from the same egg-sac) of each species were reared
in the lab starting from the 2nd instar (i.e., the first stage after eclosion
and when they start to capture prey). As tarantulas are ectotherms, variability in their environmental temperature strongly affects behavioral,
physiological, and developmental processes such as feeding, growth,
and metabolism (Padilla et al. 2018, Shillington & Peterson 2002). To
minimize these effects, the tarantulas were kept in a laboratory maintained at 26.6ºC with a 12:12 light: dark cycle. All animals were weighed
once a month and fed every two weeks relative to body weight; they received 25–35% of their body mass in appropriately-sized crickets at each
feeding. All spiderlings were housed individually in 16.5cm x 16.5cm
plexiglass containers with approximately five cm of damp coconut husk
substrate to maintain humidity within each container (Fig. 1). All individuals were acclimated to the lab environment and feeding schedule for
three months prior to the start of experimental feeding trials. Animals
were then randomly assigned to one of three feeding groups (see experimental design section).
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Fig. 1. Depicts how model species are maintained in the lab.

Fig. 2. Represents a collage of photos of spiderlings in the lab. The coin and ruler
provide a scale for the size of these 2nd and 3rd instar individuals.

Experimental Design
Feeding Groups. To test if there is support for PoLS in tarantulas, we calculated MR and GRs to determine if there were patterns influenced by differential feeding. We set up four different feeding groups for
the three species (Table 2). Based on these feeding groups, we addressed
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Peter W. Landor

questions on how frequency and quantity of food impact both MR and
GR. Individuals in each species were distributed randomly among the
three (H. maculata) to four (P. murinus) feeding groups. There is only
one feeding group for M. balfouri because of the high cost and limited
availability of this species. However, because they are more distantly related, we can also examine the influence of relatedness on RMRs. Prior
to the start of the feeding-trials, we compared weights across the feeding groups and species. No differences in weights were found (ANOVA,
p>0.05) (Fig. 4); thus any differences among the groups throughout the
experiment was likely due to the treatment (differential feeding).
Table 2. Differential feeding groups

Calculating growth rates. The growth rate for each individual
was calculated using the following formula:
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Initial weight = weight from previous month
Final weight = weight from current month
Time = # of days elapsed between initial and final weights are
measured
Weights were determined monthly and used to calculate growth
rates. These sequential growth rates over the 8-month trial period represent the growth trajectory for each species and feeding group.
Metabolic rates. Resting metabolic rates will be recorded approximately every two months as rates of carbon dioxide production in an
open-flow respirometry system (Fig. 3) and following the procedures
outlined in Shillington (2005). Prior to all metabolic recordings, animals
will be weighed and will be postabsorptive. Metabolic rates and weight
data will be log-transformed to linearize the relationship between these
variables. Data will be compared both among species and feeding regimes. We will also determine if there is a correlation between RMRs
and growth rates/trajectories and whether these trends support the PoLS.
Fig. 3. (A) P. murinus spiderling in an output chamber and (B) an image of the
open flow respirometry system used to measure CO2 output.

A

B

PRELIMINARY RESULTS
These data represent the acclimation period in the lab. Although
the feeding groups were established during this period, all animals continued to receive an equivalent amount of food on the same feeding
schedule.
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Fig. 4. Mean weight (± standard deviation) for P. murinus (Feeding groups 1A,
2A, 3A, and 4A), H. maculata (Feeding groups 1B, 2B, and 3B), and M. balfouri
(Feeding group 4B). There is no significant difference between groups (ANOVA; P
>0.05).

Individual weights were recorded every month starting with the
first day they arrived in the lab (Fig. 2). Data will continue to be collected
over a total of eight months, resulting in four total measurements. Initial
weights for P. murinus, H. maculata, and M. balfouri are shown in Fig.
4. Weights for P. murinus and H. maculata species are very similar after
three months of mass-based feeding. The weight difference among M.
balfouri and the other species represents differences at time of eclosion.
P. murinus, the faster-growing species, emerges from the egg sac slightly
larger than the two slower-growing species. These differences remained
after the 3-month acclimation period.
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Fig. 5. Mean growth rate (± standard deviation) for the groups over three months.
P. murinus (groups 1A, 2A, 3A and 4A), H. maculata (groups 1B, 2B, and 3B),
and M. balfouri (group 4B). There is no significant difference between groups.

Fig. 5 represents the first comparisons of growth rates among
these three species prior to the start of the feeding trials. Surprisingly,
despite a consistent and controlled feeding regime, the growth rates are
variable with few clear trends.
Fig. 6. The mean metabolic rates for P. murinus (Feeding groups 1A ±0.20mL/
min, 2A ±0.24mL/min, 3A ±0.18mL/min and 4A ±0.39mL/min), H. maculata
(groups 1B ±0.12mL/min, 2B ±0.16mL/min, and 3B ±0.26mL/min), and M.
balfouri (group 4B ±0.17mL/min).
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Fig. 6 depicts the average metabolic rate for species and groups.
Unlike the growth rates, these data were very consistent among both species and groups. While there are no significant differences among the
feeding groups, the RMRs vary by species (ANCOVA, p<0.05). Post hoc
tests indicate that the RMR are different among all three species, with H.
maculata having the highest rates and P. murinus with the lowest RMRs.

SUMMARY OF PRELIMINARY RESULTS
These data represent the acclimation period for the three species
prior to the start of the differential feeding trials.

Mortality
Mortality rates of tarantula spiderlings are well-reported in the
tarantula pet trade, and species are often designated as “beginner” or “expert” based on how well they are known to survive, especially during
their early instars. Cause of death is often difficult to determine, and little
is known about the microhabitat required for species. With our study
animals, the individuals that typically died across all groups were the
smallest individuals, suggesting that these individuals were not thriving.
Out of 33 individuals received, 16 H. maculata spiderlings died during
the acclimation period. Of these, four H. maculata were lost in the month
of December and four in the month of January. Contrastingly, we lost a
total of four P. murinus during this 2-month period (48% of H. maculata
and 8% of P. murinus). All data pertaining to deceased individuals were
removed from the data prior to any analyses.

Growth Rates
Overall, these were the most variable data in the pre-feeding trial period, despite all groups being maintained under standardized conditions and having no significant differences in weight. Growth rates
based on weight can be strongly influenced by molts; animals tend to
lose weight when they molt and often will not feed as readily immediately after a molt. Over the long-term period of growth data collection,
trends may become more obvious. We can also calculate a single growth
rate using just an initial and final weight for all the groups at the end of
the 8-month period. In this border time-scale comparison, some of the
monthly variation will become less apparent.
With the initial data, we found higher growth rates in H. maculata
than in P. murinus in groups 1 and 3, which is surprising, but this cor72
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relates with the higher metabolic rates that we also found in H. maculata.
We expected P. murinus under environmentally favorable conditions to
have higher increases in metabolic processes and, in turn, growth.

Metabolic rates
We found that H. maculata and M. balfouri had a higher metabolic rate when compared with P. murinus despite P. murinus being a
faster-paced theraphosid comparably. This is not what we had predicted
and does not support the PoLS. There is also no clear phylogenetic pattern (i.e., the RMRs of the sister taxa H. maculata and P. murinus are not
more similar to each other).

FUTURE DIRECTIONS
The initial data is both interesting and contrary to what we expected. However, we have several more months of data collection and
analyses to complete. Trends in the data will hopefully be clearer after
this time.
1. Differential feeding started in early February 2021, and monthly
weighing of all individuals is ongoing. With each monthly weight
measurement, we will calculate GR and determine a growth trajectory for each species and feeding group over the trial period.
We can also compare this trajectory over the pre- and post-feeding trial period.
2. Additional MR data will be collected approximately every two
months over a total of eight months, resulting in four total measurements. These data will allow us to determine the influence of
the different feeding regimes on the three species.
3. Data from these species will also be used in a broader study within
the lab comparing MR and GR among multiple species of African
tarantula. Multiple students (both graduate and undergraduate)
are contributing to this ongoing lab project (Fig. 7).
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Fig. 7. Phylogeny depicting relatedness of the species and clades used within this
study (H. maculata, P. murinus, and M. balfouri) are highlighted in yellow. Several
other species being studied within the EMU Arachnids lab are highlighted in pink.
Their data may contribute to a broader collaborative study into MR and growth
among African Tarantulas (from Lüddecke et al. 2018).
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